The purpose of this study was to construct a nomogram of the preload index (PLI) value obtained from the fetal inferior vena cava, and to establish the changes in PLI corresponding to gestational age in human Japanese fetuses.
INTRODUCTION
Doppler ultrasound (US) examination of fetal venous circulation has given new insight into fetal hemodynamics. In Doppler US examination of the fetal venous circulation, the umbilical vein, ductus venosus and inferior vena cava are easily monitored [1] . Preload index (PLI) is defined by the blood waveforms of the inferior vena cava and it is the one of the fetal venous indices obtained from pulse Doppler examination [2] . The evaluation of PLI is used in clinical decision-making in cases of fetal compromise such as congenital heart disease, hydrops fetalis and the intrauterine growth restriction (IUGR). However, there have been few cross-sectional studies of PLI in human fetuses.
From this point of view, the objective of this study was to establish a nomogram of PLI relative to the gestational week in human Japanese fetuses. d Chronologic Change in Fetal Inferior Vena Cava PLI
MATERIALS AND METHODS

Study population
PLI data were retrospectively collected from the records of 469 singleton Japanese fetuses examined sonographically during fetal screening between 15 and 40 weeks of gestation. All data were obtained by obstetricians or sonography specialists from January 1990 to March 2001 at the National Cardiovascular Center in Osaka, Japan. Gestational age was determined by the last menstrual period and confirmed by US measurement of the fetal crownrump length at 9 to 11 gestational weeks. The exclusion criteria were: 1) maternal complication; 2) IUGR -measurement of biparietal diameter, femur length and abdominal circumference less than the mean value -1.5 standard deviations (SD) for the corresponding gestational week by Japanese standards [3] ); 3) macrosomia -measurement of biparietal diameter, femur length and abdominal circumference greater than the mean value +1.5 SD for the corresponding gestational week by Japanese standards [3] ; 4) fetal anomaly detected in utero; and 5) fetal arrhythmia. One result of Doppler measurement was randomly used, because this was a cross-sectional study.
Doppler study
US Doppler studies were acquired using SSA-260A, SSA-270A (Toshiba, Tokyo, Japan) and Logiq 500 (GE Yokogawa Medical Systems, Tokyo, Japan) equipment. The transducer frequency ranged from 3.5 MHz to 7.5 MHz, and the low cut filter was set at 100 Hz. Doppler recordings were collected with the woman in the semi-recumbent position. The blood flow velocity wave was recorded from the inferior vena cava following previously described techniques [2] . Briefly, the flow velocity wave from the inferior vena cava was recorded in the sagittal view, which included the fetal right atrium, right ventricle and the inferior vena cava. Pulsed Doppler tracings were obtained at the point of the inferior vena cava orifice entering the right atrium ( Fig. 1 ). When the inferior vena cava was unclear on grayscale sonography, color flow mapping was used. Pulsed Doppler tracings were easily obtained with color flow mapping. At least five consecutive heart cycles were investigated during a period of apnea, as fetal breathing movement modulates venous blood velocity waveform [4] . The blood flow pattern consists of three waves, i.e., one was the reverseflow wave away from the right atrium, and two were forward waves into the right atrium. The reverseflow (A) occurred during atrial contraction at the end of ventricular diastole (Fig. 2) . The initial forward-flow (Sf) coincided with atrial diastole and ventricular systole, and the second forward-flow (Df) coincided with ventricular diastole. The PLI was defined as the ratio of reverse-flow velocity/forward-flow velocity [2] . PLI was not influenced by the angle between the Doppler beam and vessel. All flow velocity waveforms were stored in the computer for later PLI calculation. 
Data processing and statistical analysis
For each gestational week between 15 and 40 weeks, the 5th, 10th, 50th, 90th and 95th percentile values of each index were calculated. The percentile values were constructed using regression analysis with the quadratic curve, and the nomogram was then constructed from these. The p-value of the 50th percentile regression curve was calculated based on the null hypothesis. Statistical calculations were made using Statview software (SAS Institute Inc., NC, USA).
RESULTS
The data of 469 fetuses that met the inclusion criteria were studied. A similar set of tracings were obtained at regular intervals throughout the gestation. However, some atrium reverse-flow waveforms were absent (PLI = 0.0). Figure 3 and the Table show the PLI values by gestational age in weeks. The PLI gradually decreased with advancing gestational age. In all cases, the PLI was less than 1.0, and after 22 weeks' gestation, the PLI was less than 0.5 of the 95th percentile. After 28 weeks' gestation, PLI plateaued around 0.25 of the 50th percentile (p < 0.001). The regression curves for PLI were calculated as follows: 1) 50th percentile, -0.1098•Log(gestational week) + 0.5489 (r 2 = 0.9568, p < 0.0001); 2) 95th percentile, -0.1395•Log(gestational week) + 0.7583 (r 2 = 0.8829); 3) 90th percentile, -0.1278•Log(gestational week) + 0.7042 (r 2 = 0.8916); 4) 10th percentile, -0.0956•Log(gestational week) + 0.4132 (r 2 = 0.8813); and 5) 5th percentile, -0.0842•Log (gestational week) + 0.3611 (r 2 = 0.8571).
DISCUSSION
This study showed how the PLI changes during normal pregnancy. We found that PLI decreased with advancing gestational age. PLI was defined as the ratio of reverse-flow (A) velocity to forwardflow (Sf) velocity. The reverse-flow (A) occurred during atrial contraction at the end of ventricular diastole. The initial forward-flow (Sf) corresponded to the filling of the atria during ventricular systole, which might be explained by reduced pressure in the atria caused by atrial wall relaxation, and downward movement of the tricuspid valve annulus during ventricular contraction. Therefore, the change in PLI was characterized by the gradient between velocities during ventricular systole and atrial contraction in the inferior vena cava.
We found that PLI decreased with advancing gestational age. This might be explained by ventricular compliance, ventricular end-diastolic pressure or fetal
Fig. 3. Standard curves of preload index. Curves represent the 50th percentile (solid, bold line), 10th and 90th percentiles (solid lines) and 5th and 95th percentiles (dashed lines)
Gestational week Preload index heart rate. A previous report demonstrated that the fetal heart is less compliant than the neonatal heart [5] , and that ventricular compliance improves with advancing gestational age, according to Doppler indices [6, 7] . Moreover, it has been suggested that the afterload decreases with advancing gestational age as a result of the physiologic decrease in placental vascular resistance [8] . The reduction in afterload allows for greater ventricular ejection (decreased residual volume) and decreased right ventricular diastolic pressure [9] . Furthermore, slightly decreased fetal heart rate with advancing gestational age has been associated with increased ventricular filling time. With a slower heart rate and longer ventricular diastole, there is greater ventricular diastolic filling [10] ; thus, the right ventricular diastolic pressure decreases. These changes may be reflected by a decrease in PLI with gestational age.
An increase in PLI correlates with fetal compromise, such as congenital heart disease, hydrops fetalis and the acidemic state of IUGR. PLI is highly correlated with the severity of hydrops fetalis. Kanzaki and Chiba studied the relationship between PLI and fetuses with various diseases [2] . The abnormal fetuses were divided into four groups: group 1 had heart disease accompanied by hydrops; group 2, heart disease without hydrops; group 3, hydrops without primary heart disease; and group 4, other fetal diseases. PLI was significantly higher in groups 1 through 3 than in the control group. They concluded that the increase in PLI that is seen in these diseases suggested an increase in preload condition. Actually, an increase in PLI reflects an increase in central venous pressure. Okamura et al studied the relationship between umbilical venous pressure (UVP) by cordocentesis and PLI in 50 compromised fetuses [11] . There was a significant correlation between UVP and PLI. They concluded that PLI is an alternative parameter to central venous pressure and a useful index for assessment of fetal cardiac function. Rizzo et al examined the relationship between PLI and the Pulsatility index of the umbilical artery among fetuses with IUGR and found that PLI significantly increased in spite of minimal changes in umbilical artery pulsatility. They also examined the relationship between PLI and the acid-base state in blood obtained at cordocentesis from IUGR fetuses, and several Doppler indices obtained from the fetal venous system. Because PLI had better performance in predicting acidemia, they concluded that PLI was useful for the diagnosis of acidemia in IUGR fetuses.
In this study, we constructed a nomogram for PLI obtained from the inferior vena cava in human Japanese fetuses. PLI is independent of the angle between the Doppler beam and vessel, thus allowing better reproducibility and easier recording. The data provided in this report can be used for analyzing preload condition in cases of fetal compromise, especially with hydrops fetalis.
